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@ Line termination circuit 

@ Disclosed is a termination circuit having a 
wide range of stable operation and a low power 
consumption. Conventionally, current flows in a 
tenmlnation when the signal in the transmission 
is not changing, which is wasteful of power. 
Attempts have been made to solve this by using 
circuits where no current flows through the 
termination when the signal in the transmission 
line does not change. However because of the 
characteristics of the circuits used, instability 
occurs during the transition from one state to 
the other state. The termination disclosed over- 
comes this by having complementary inverters 
having differing input/output characteristics. 
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Field of the Invention 

This invention relates to a termination circuit of a 
transmission line, and particularly to a termination cir- 
cuit which is provided at the far end opposite to the 
input end of a transmission line, and which allows 
transmission of a signal wave with less distortion, re- 
duces the noise of the transmission line, reduces the 
powerconsumptionof the termination impedance ter- 
minating at the far end, and has a large operational 
margin. 

Background of the Invention 

Various termination circuits terminating with an 
impedance equal to the characteristic impedance of 
the transmission line have been used so that distor- 
tion of the waveform of the signal by reflection in the 
transmission line will be suppressed in transmission 
of a signal through the transmission line. For In- 
stance, a termination circuit wherein a termination inv 
pedance equal to the characteristic impedance of the 
transmission line is provided at the far end of the 
transmission line. Such a termination circuit sup- 
presses waveform distortion of the signal and pro- 
vides excellent propagation characteristics, but has 
the disadvantage that power consumption at the ter- 
mination impedance is large. 

Termination circuits have been used wherein no 
current flows through the termination impedance 
when the signal in the transmission line does not 
change. For instance, there are active termination cir- 
cuits using active elements such as Complementary 
Metal Oxide Semiconductors (CMOS) which are 
shown in Published Unexamined Japanese Patent 
Application Nos. 196528/1990. and 25325/1986. IBM 
Technical Disclosure Bulletin, Vol. 32, No. 4A. Sep- 
tember 1989. pp. 393-395, and IBM Technical Disclo- 
sure Bulletin. Vol. 28, NO. 10, March 1986, pp. 4268- 
4269. 

An example of such an active termination circuit 
is shown in Fig. 7. In this active termination circuit, 
latch circuit 60 consists of two CMOS inverters 62 and 
64 forming a termination circuit. A power supply vol- 
tage V«M is applied to latch circuit 60. If the signal vol- 
tage supplied to latch circuit 60 from transmission line 
68 through terminal 66 is from OV to nearly V^ or from 
nearly Vdd to OV, the latch circuit operates without in- 
stability. However, for a voltage change in the order 
of 1/2 of Vdd. the operation is unstable. 

This will be clearer if the input/output character- 
istics of CMOS inverter 62 shown in Fig. 8 are refer- 
red to. That is, from the graph of the input/output char- 
acteristics in which Vaa is shown as 5V. when the sig- 
nal voltage varies from OV to 2.5V which is 1/2 of Vdd, 
the output voltage of CMOS inverter 62 only changes 
from 5V to around 4V. and the output voltage near to 
4V cannot turn off the N-channel MOS transistor 



which is connected to the ground voltage of CMOS in- 
verter 64, and accordingly the signal voltage of trans- 
mission line 68, having changed from OV to 2.5V. 
causes a current to flow from feedback line 65 

5 through the N-channel MOS transistor, which does 
not turn off. Thus the operation Is not stable and is 
power consuming. 

In addition, when the signal voltage changes from 
5V to 2.5V. the output voltage of CMOS inverter 62 

10 changes from OV to nearly 4V. and t he output voltage 
of nearly 4V can turn off the P-channel MOS transis- 
tor connected to the power supply voltage of CMOS 
inverter 64. but it would turn on the N-channel MOS 
transistor connected to the ground potential of CMOS 

IS inverter 64, and consequently the signal voltage on 
transmission line 68, having changed from 5V to 2.5V, 
causes a current to flow from feedback line 65 
through the N-channel MOS transistor, which has 
turned on. Thus the operation is not stable and is pow- 

20 er consuming. 

Incidentally, the signal voltage of a transmission 
line will become about half the power supply voltage 
Vdd in the following case. For instance, there is the 
case whereby through terminating both the input and 

25 far ends of the transmission line with an impedance 
equal to the characteristic impedance of the transmis- 
sion line, reflection of the signal wave at both ends is 
suppressed thereby attempting to achieve ideal sig- 
nal transmisston. In this case, a voltage change of 

30 about half the voltage change of the input signal oc- 
curs at the far end of the transmission line. 

Accordingly, if an ideal signal transmission is per- 
formed by suppressing reflection of the signal wave 
at both the input and far ends of a transmission line. 

35 the termination circuit provided at the far end of the 
transmission line must ensure a large operational 
margin so that it can stably operate for signal waves 
with a voltage change of about half the voltage 
change of the input signal; however, such an assur- 

40 ance was not provided in the conventional termina- 
tion circuit. 

As described above, the conventional termina- 
tion circuit causes a problem in that operation t>e- 
oomes unstable when ideal signal transmission is 

45 performed by suppressing the signal wave reflection 
at both the input and far ends of a transmission line. 

Accordingly the invention provides a termination 
circuit comprising an output stage having its output 
node connected to the far end of a transmission line 

so and for terminating the fer end of the transmission line 
with an impedance substantially equal to the charac- 
teristic impedance of the transmission line, the output 
stage having a first transistor connected to a first po- 
tential and a second transistor connected to a second 

55 potential; a first inverter connected between the far 
end of the transmission line and the control electrode 
of the first transistor for driving the first transistor in 
response to the signal at the far end of the transmis- 
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sion line; and a second inverter connected between 
the far end of the transmission line and the control 
electrode of the second transistor for driving the sec- 
ond transistor In response to the signal at the far end 
of the transmission line, the second inverter having 
input/output characteristics different from the in- 
put/output characteristics of the first inverter. 

In a preferred embodiment the second potential 
is lower than the first potential, and the second Inver- 
ter has input/output characteristics such that it out- 
puts an output voltage which turns off the second 
transistor before the first inverter turns on the first 
transistor as the input voltage increases. 

Preferably the output stage has one resistance 
connected between the first transistor and the output 
node and another resistance connected between the 
second transistor and the output node, and the total 
impedance of the first transistor during conduction 
and the one resistance and the total impedance of the 
second transistor during conduction and the another 
resistance are substantially equal to the characteris- 
tic Impedance of the transmission line. In an alterna- 
tive embodlnnent the output stage has a single resis- 
tance connected between the junction of the first and 
second transistors and the output node, and the total 
impedance of the first transistor during conduction 
and the resistance and the total impedance of the 
second transistor during conduction and the resis- 
tance are substantially equal to the characteristic im- 
pedance of the transmission line. 

Brief Description of the Drawings 

The invention will now be described, by way of ex- 
ample only, with reference to the accompanying 
drawings, in which: 

Figure 1 Is a diagram showing a termination cir- 
cuit according to an embodlnrtent of the Invention; 
Figure 2 is a diagram showing a further termina- 
tion circuit using a single terminating resistance; 
Figure 3 is a diagram showing termination of a 
transmission line with the termination circuit 
shown in Figure 1 ; 

Figure 4 is a graph showing the input/output char- 
acteristics of the two inverters constituting the 
termination circuit shown in Figure 1 ; 
Figure 5 is a diagram showing a termination cir- 
cuit using bipolar transistors according to a fur- 
ther embodiment of this invention; 
Figure 6 is a diagram showing a further termina- 
tion circuit using bipolar transistors according to 
an embodiment of this invention; 
Figure 7 is a diagram showing the conventional 
termination circuit; and 

Figure 8 is a graph showing the input/output char- 
acteristics of the input stage inverters constitut- 
ing the conventional termination circuit shown in 
Figure 7. 



Detailed Description of the Invention 

A termination circuit according to an embodiment 
of the invention is shown in Fig. 1 . In termination cir- 

5 cult 10 shown In Fig. 1 , inverter 1 consists of P-chan- 
nel MOS transistor 11 and N-channel MOS transistor 
12 which are connected in series between a power 
supply voltage V^d and ground potential, and inverter 
2 also consists of P-channel MOS transistor 14 and 

10 N-channel MOS transistor 15 which are connected in 
series between the power supply voltage Vdd and 
ground potential. The output of inverter 1 drives P- 
channel MOS transistor 13, and the output of inverter 
2 drives N-channel MOS transistor 16. 

15 The output stage consists of a first transistor, P- 

channel MOS transistor 13, connected to the power 
supply voltage Vdd> a second transistor, N-channel 
MOS transistor 16, connected to ground potential, 
and resistances 3 and 4 connected in series between 

20 P-channel MOS transistor 13 and N-channel MOS 
transistor 16. The output of the output stage Is fed 
back via feedback line 17 from the junction of resis- 
tances 3 and 4, constituting an output node to the In- 
puts of inverters 1 and 2. Input terminal 18 is connect- 

25 ed to the far end of a transmission line. 

For termination with the characteristic impe- 
dance of the transmission line in termination circuit 
1 0, the sum of the impedance In the ON state of P- 
channel MOS transistor 1 3 and resistance 3 is select- 

30 ed so as to be substantially equal to the characteristic 
impedance thereof. Similarly, the sum of the impe- 
dance in the ON state of N-channel MOS transistor 16 
and resistance 4 is selected so as to be substantially 
equal to the characteristic impedance. 

35 In termination circuit 10 shown In Fig. 1 , in order 

to terminate the far end of the transmission line with 
the characteristic Impedance of the transmission line, 
the output stage has resistances 3 and 4 in addition 
to the first and second transistors, and these resis- 

40 tances are used to make the termination impedance 
substantially equal to the characteristic impedance of 
the transmission line. Since such an output stage 
construction allows the Impedances of P-channel 
MOS transistor 13 and N-channel MOS transistor 16 

45 In the ON state to be selected to be smalt and since 
the termination impedance can be set mainly by re- 
sistances 3 and 4, high-performance termination that 
has excellent linearity for current and voltage is en- 
abled. Furthermore, since the setting of the charac- 

50 teristic parameter of P-channel MOS transistor 1 3 and 
the value of resistance 3 and the setting of the char- 
acteristic parameter of N-channel MOS transistor 16 
and the value of resistance 4 can be performed sep- 
arately, the degree of freedom for circuit design be- 

55 comes large. 

The output stage may also be formed by provid- 
ing resistance between thejunction of the first 13 and 
second 16 transistor and the output node as shown 
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in Fig. 2 instead of providing such a pair of resistances 
3, 4 between the first 13 and second 16 transistors. 
Also in this case, the sum of the impedance of the 
first transistor 13 in the ON state and the resistance 
5 is selected so as to be substantially equal to the 
characteristic impedance of the transmission line, 
and the sum of the impedance of the second transis- 
tor 16 in the ON state and the resistance 5 is selected 
so as to be substantially equal to the characteristic inv 
pedance of the transmission line. Thus, since the val- 
ue of the resistance 5 is set in consideration of the inv 
pedances of both the first 13 and second 16 transis- 
tors in the ON state, the circuit construction becomes 
simpler than in the previous case because only one 
resistance 5 is needed, although the degree of free- 
dom of circuit design becomes smaller. In addition, 
also in the output stage of such a circuit construction, 
the termination impedance can be set mainly with re- 
sistance, so that high-performance termination with 
excellent linearity for current and voltage is possible. 

Now, the operation of the termination circuit 
shown in Fig. 1 is described with reference to Figs. 3 
and 4. 

Fig. 3 shows termination of a transmission line 
with the termination circuit shown in Fig. 1. With re- 
spect to the termination circuit and the structural ele- 
ments thereof, the same reference numerals are 
used as in Fig. 1. Transmission line 24 has its input 
terminal 22 connected via resistance 25 to signal 
source 20, and its far-end terminal 23 connected to in- 
put terminal 18 of termination circuit 10. Resistance 
25 is selected so as to be substantially equal the char- 
acteristic impedance of transmission line 24. 

Fig. 4 shows the input/output characteristics of 
the two inverters 1 and 2 constituting termination cir- 
cuit 10, assuming that the maximum input voltage and 
power supply voltage V^d are 5V. Characteristic curve 
31 represents the input/output characteristics of In- 
verter 1 and characteristic curve 32 represents the in- 
put/output characteristics of inverter 2. Characteristic 
curve 32 shows that inverter 2 can positively turn off 
N-channel MOS transistor 16 when the input voltage 
changes from OV to 2.5V, because the output voltage 
changes firom 5V to 0.3V. Also, inverter 2 never turns 
on N-channel MOS transistor 16 when the input vol- 
tage changes from 5V to 2.5V, because the output vol- 
tage increases from OV to only about 0.3V. 

Referring to Fig. 3, if the potentials of terminals 
21 , 22 and 23 are assumed to be OV as an initial con- 
dition, P-channel MOS transistors 11 and 14 are ON 
and N-channel MOS transistors 12 and 15 are OFF. 
Accordingly, the gate potentials of P-channel MOS 
transistor 13 and N-channel MOS transistor 16 are 
the 5V of the power supply voltage V^, because the 
description Is made on the assumption that the power 
supply voltage Veld is 5V, and P-channel MOS transis- 
tor 13 is OFF and N-channel MOS transistor 16 is ON. 

Since, in this case, the sum of resistance 4 and 



the ON-resistance of N-channel MOS transistor 16 is 
selected so as to be substantially equal to the char- 
acteristic impedance of transmission line 24, trans- 
mission line 24 is terminated with the characteristic 

5 impedance thereof. Because of this, the occurrence 
of a reflected wave due to noise at the far end of trans- 
mission line 24 is prevented. And, N-channel MOS 
transistor 16 connected to the ground potential is ON, 
one end of resistance 4 is equal to the ground poten- 

10 tial, and the potential of terminal 23 of transmission 
line 24 is OV and the other end of resistance 4 is also 
OV, equal to the ground potential via feedback line 1 7, 
and thus no current flows through resistance 4, which 
results in zero power consumption In a steady state in 

15 which the signal voltage of transmission line 24 is OV. 

Then, when the potential of terminal 21 is 
changed from OV to 5V by signal source 20, the po- 
tential of terminal 22 changes from OV to 2.5V since 
resistance 25 has been selected to be a value equal 

20 to the characteristic impedance of transmission line 

24. This potential change propagates through trans- 
mission line 24 and appears on terminal 23, And, 
since terminal 23 is terminated with the characteristic 
impedance of transmission line 24 by resistance 4 

25 and the ON-resistance of N-channel MOS transistor 
16 and since the occurrence of a reflected wave at 
the far end of transmission line 24 is prevented, the 
potential of terminal 23 is maintained at 2.5V. 

Inverter 2 responds to potential change at termi- 

30 nal 23. That is. as is obvious from characteristic curve 
32 of the input/output characteristics of inverter 2 
shown in Fig. 4, the output voltage changes from 5V 
to substantially OV as the input voltage changes from 
OV to 2.5V. Since the output voltage of inverter 2 be- 

35 comes su bstantially OV, N-channel MOS transistor 1 6 
is turned off. Since the current flowing through N- 
channel MOS transistor 16 to the ground potential is 
shut off when N-channel MOS transistor 16 is turned 
off, the current flowing in resistance 4 changes its dh 

40 rection and begins to propagate In the direction of ter- 
minal 22 of bnansmission line 24. This means that a re- 
flected wave having a potential change from OV to 
2.5V occure in terminal 23 of transmission line 24 as 
the current flowing in N-channel MOS transistor 16 is 

45 shut off. The potential of terminal 23 becomes 5V as 
a result of superposition of the reflected wave. In ad- 
dition, the reflected wave is terminated by resistance 

25. which is provided at the input of transmission line 
24 and is equal to the characteristic Impedance of 

so transmission line 24, and is not reflected again at ter- 
minal 22 of transmission line 24. 

Further, when the potential of terminal 23 of 
transmission line 24 becomes 5V, the output voltage 
of inverter 1 changes from about 5V to OV. as appa- 

55 rent from Fig. 4, and P-channel MOS transistor 13 
changes from OFF to ON. When P-channel MOS tran- 
sistor 13 changes to ON, transmission line 24 is ter- 
minated with the characteristic impedance thereof 
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because the sum of resistance 3 and the ON-resis- 
tance of P-channel MOS transistor 13 is selected to 
be a value substantially equal to the characteristic inv 
pedance of transmission line 24. Accordingly, as de- 
tailed later. If noise (usually not greater than +1 .5V) is 
induced in transmission line 24, the occurrence of a 
reflected wave due to the noise can be prevented be- 
cause of termination with the characteristic impe- 
dance thereof. And, P-channel MOS transistor 13, 
connected to the 5V of the power supply voltage V^d. 
is ON and one end of resistance 3 is 5V. and in addi- 
tion, the potential of terminal 23 of transmission line 
24 is 5V and the other end of resistance 3 is also 5V 
via feedback line 17, and thus no current flows in re- 
sistance 3, which therefore results in zero power con- 
sumption at a steady state in which the signal voltage 
of transmission line 24 is 5V. 

As described above, if a signal changing from OV 
to 5V is input to transmission line 24, due to N-channel 
MOS transistor 16 being ON, in spite of the potential 
of terminal 23 of transmission line 24 changing from 
OV to 2.5V, which is half of 5V, with the terminal 23 of 
transmission line 24 being terminated with the char- 
acteristic impedance thereof, N-channel MOS tran- 
sistor 16 is turned off by the input/output character- 
istics of inverter 2 and the current flowing through N- 
channel MOS transistor 16 is shut off, so that a re- 
flected wave causing a voltage increase of 2.5V oc^ 
curs in terminal 23 of transmission line 24. The poten- 
tial of terminal 23 of transmission line 24 is changed 
to 5V by the reflected wave to turn on P-channel MOS 
transistor 13, whereby terminal 23 of transmission 
line 24 is again terminated with the characteristic Im- 
pedance thereof. 

Thus, the termination circuit 10 according to this 
invention is constructed so that it allows the occur- 
rence of a reflected wave only when a signal wave has 
reached the far end, thereby to double the voltage 
level of terminal 23 which is the far end of transmis- 
sion line 24. That is, termination circuit 10 responds 
to a potential change in the signal wave on the order 
of +2.5V for allowing the occurrence of a reflected 
wave of about -•-2.5V. However, for noise, which is a 
potential change smaller than •t-2.5V, and is usually 
not greater than -t-LSV, as is obvious from character- 
istic curves 31 and 32 of the input/output character- 
istics of inverters 1 and 2 shown in Fig. 4, their output 
voltages remain nearly 5V and substantially un- 
changed even if the input voltage changes from OV to 
1 .5V, P-channel MOS transistor 13 is kept OFF by in- 
verter 1, and N-channel MOS transistor 16 is kept ON 
by inverter 2 and is not turned off, which therefore 
causes termination circuit 10 to be inoperative. Such 
noise Is terminated with impedance substantially 
equal to the characteristic impedance of transmission 
line 24 by termination circuit 10 and is suppressed. 

Ultimately, since P-channel MOS transistor 13 
and N-channel MOS transistor 16 In the output stage 



never become ON at the same time either for a signal 
or for noise, not only reduction of noise but also sut>- 
stantial reduction of power consumption can be ach- 
ieved. 

5 Next, if the potential of terminal 21 is changed by 

signal source 20 from 5V to OV, the potential of termi- 
nal 22 of transmissk>n line 24 changes firom 5V to 
2.5V. That is, a negative potential change having an 
amplitude of 2.5V occurs at terminal 22. When this 

10 potential change propagates through transmission 
line 24 and appears on terminal 23 of transmission 
line 24, the output voltage of inverter 1 varies from OV 
to nearly 5V, as apparent from characteristic curve 31 
of the input/output characteristics of inverter 1 shown 

15 in Fig. 4, and P-channel MOS transistor 13 is turned 
from ON to OFF, whereby the current flowing through 
P-channel MOS transistor 13 is shut off. 

As a result of the shutting off of the current flow- 
ing through P-channel MOS transistor 13, a reflected 

20 wave equal to a negative potential change having an 
amplitude of 2.5V occurs in terminal 23 of transmis- 
sk>n line 24. The reflected wave propagates through 
transmission line 24 and is superposed on the poten- 
tial change appearing at terminal 23, whereby the po- 

25 tential of terminal 23 of transmission line 24 is 
changed to zero. In addition, as described above, 
since the reflected wave propagates to terminal 22 of 
transmission line 24 and is terminated by resistence 
25, which is equal to the characteristic impedance of 

30 transmission line 24, t he reflected wave is not reflect- 
ed again at terminal 22. 

Moreover, when the potential of terminal 23 of 
transmission line 24 becomes OV. the output voltege 
of inverter 2 changes from nearly OV to 5V, as seen 

35 from Fig. 3. and N-channel MOS transistor 16 in turn 
changes from OFF to ON. When N-channel MOS 
transistor 16 becomes ON, since the sum of resis- 
tance 4 and the ON-resistence of N-channel MOS 
transistor 16 is preselected to be a value substantially 

40 equal to t he characteristic impedance of transmission 
line 24, the far end of transmission line 24 is termin- 
ated with the characteristic impedance thereof. Ac- 
cordingly, as detailed later, if noise (usually not great- 
er than -1.5V) Is Induced In transmission line 24, the 

45 occurrence of a reflected wave due to the noise is 
prevented because of termination with the character- 
istic impedance thereof. In addition, since N-channel 
MOS transistor 16, connected to the OVof the ground 
potential, is ON and one end of resistance 4 is OV. and 

50 the potential of terminal 23 of transmission line 24 is 
OV and the other end of transmission 4 is also OV via 
feedback line 17, no current flows in resistance 4, 
which therefore resulte In zero power consumption at 
a steady state in which the signal voltage on transmis- 

55 sion line 24 is OV. 

As seen from the foregoing, for the inputting of a 
signal changing from 5V to OV to transmission line 24, 
even if the potential of terminal 23 of transmission line 
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24 changes from 5V to 2.5V, which is half of 5V, by ter- 
minal 23 of transmission line 24 being terminated with 
the characteristic impedance thereof by the ON state 
of P-channel MOS transistor 1 3, P-channel MOS tran- 
sistor 13 is turned off by the input/output character- s 
istics of inverter 1 and the current flowing through P- 
channel MOS transistor 13 is shut off, and thus a re- 
flected wave causing a voltage reduction of 2.5V oc- 
curs in terminal 23 of transmission line 24. The poten- 
tial at terminal 23 of transmission line 24 is changed io 
to OV by the reflected wave to turn on N channel MOS 
transistor 16, whereby terminal 23 of transmission 
line 24 is again terminated with the characteristic im- 
pedance thereof. 

Thus, also for the falling of the potential of a sig- is 
nal wave, the termination circuit 10 according to this 
invention is constructed so that it permits the occur- 
rence of a reflected wave only when the signal wave 
has reached the far end to double the voltage level of 
terminal 23, which is the far end of transmission line 20 
24. That is, termination circuit 10 responds to a poten- 
tial change of about -2.5V in the signal wave to allow 
the occurrence of a reflected wave of the order of - 
2.5V. However, for a noise, a potential change smaller 
than -2.5V (usually not greater than - 1 .5V), the out- 25 
put voltages of inverters 1 and 2 remain nearly OV and 
substantially unchanged for the input voltage varying 
from 5V to 3.5V, as obvious from characteristic curves 
31 and 32 of the input/output characteristics of inver- 
ters 1 and 2 shown in Fig. 3, and P-channel MOS tran- 30 
sistor 1 3 is therefore kept to be ON by inverter 1 with- 
out being turned off. And N-channel MOS transistor 
16 is kept to be OFF by inverter 2, and thus termina- 
tion circuit 10 does not operate. Such noise is termin- 
ated and suppressed with impedance substantially 35 
equal to the characteristic impedance of transmission 
line 24 by termination circuit 10. 

Since, also in this case, P-channel MOS transis- 
tor 13 and N-channel MOS transistor 16 in the output 
stage never be simultaneously ON for either a signal 40 
wave or noise, not only reduction of the noise but also 
substantial reduction of the power consumption can 
be accomplished. 

As recognized, the termination circuit according 
to this invention has thoroughly solved the problem 45 
that the operation becomes unstable if reflection of a 
signal wave is suppressed at both input and far ends 
of a transmission line to perform an ideal signal trans- 
mission, as seen in the conventional termination cir- 
cuit If the termination circuit according to this inven- so 
tion is applied to a transmission line, the potential 
change at the input end of the transmission line prop- 
agates through the transmission line and appears at 
the far end. and a reflected wave substantially equal 
in phase therewith occurs in the fer end and they are 55 
superposed on each other, so that it is accompanied 
with no waveform distortion. 

Although, in the above description, a circuit using 



CMOS transistors has been described as the termin- 
ation circuit according to this invention, this invention 
is not limited to a circuit using CMOS transistors, but 
the termination circuit according to this invention may 
be constructed using bipolar transistors. 

For instance, one example of the termination cir- 
cuit using bipolar transistors is shown in Fig. 5. In the 
termination circuit shown in Fig. 5, the two CMOS in- 
verters 1 and 2 are still used, but PNP bipolar transis- 
tor 42 and NPN bipolar transistors 46 are used in the 
output stage as alternates to P-channel MOS transis- 
tor 1 3 and N-channel MOS transistor 1 6, respectively. 
Resistances 43 and 44 are preselected so that the 
transmission line connected to input terminal 48 is 
terminated with the characteristic impedance thereof 
via feedback line 47. 

A further example of the termination circuit using 
bipolar transistors is shown in Fig. 6. In the termina- 
tion circuit shown in Fig. 6, the transistors used are all 
bipolar transistors. The operation of this termination 
circuit is now described. If the potential of input ter- 
minal 58 connected to the far end of a transmission 
line is assumed to be OV as the initial condition, PNP 
bipolar transistor 52 and NPN bipolar transistor 54 are 
OFF and ON, respectively. 

in this case, since the sum of resistance 56 and 
the ON-resistance of NPN bipolar transistor 54 is se- 
lected to a value substantially equal to the character- 
istic impedance of the transmissksn line, the transmis- 
sion line is terminated with the characteristic impe- 
dance thereof. For this, the occurrence of a reflected 
wave due to a noise at the far end of the transmission 
line is prevented. And, since NPN bipolar transistor 54 
is ON and one end of resistance 56 is at the ground 
potential, and the potential of input terminal 58 con- 
nected to the far end of the transmission line is OVand 
by feedback line 57 the other end of resistance 56 is 
also OV which is equal to the ground potential, no cur- 
rent flows in resistance 54, which therefore results in 
zero power consumption In a steady state in which the 
signal voltage of the transmission line is OV. 

Then, when the potential of input terminal 58 con- 
nected to the far end of the transmission line changes 
from OV to 2.5V, then diode 72 changes from ON to 
OFF and PNP bipolar transistor 53 and NPN bipolar 
transistor 54 change from ON to OFF. When NPN bi- 
polar transistor 54 becomes OFF. the potential of in- 
put terminal 58, in turn, changes from 2.5V to 5V by 
a reflected wave via feedback line 57. This change 
causes NPN bipolar transistor 51 to change from OFF 
to ON. As a result. PNP bipolar transistor 52 changes 
from OFF to ON. 

In this case, the sum of resistance 55 and the 
ON-resistance of PNP bipolar transistor 52 is prese- 
lected to a value substantially equal to the character- 
istic impedance of the transmission tine, and accord- 
ingly the transmission line Is terminated with the 
characteristic impedance thereof. This also prevents 
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the occurrence of a reflected wave due to a noise at 
the far end of the transmission line. And, since PNP 
bipolar transistor 52 connected to first potential VI is 
ON and one end of resistance 55 is 5V, and the po- 
tential of input terminal 58 connected to the far end of 
the transmission line is 5V and the other end of resis- 
tance 55 is also 5V via feedback line 57, no current 
flows in resistance 55, which therefore results in zero 
power consumption at a steady state in which the sig- 
nal voltage of the transmission line is 5V. 

Now, the respective functions of the elements 
used in the terminal circuit shown in Fig. 6 are descri- 
bed. If it is assumed that first potential V1 is 5V and 
second potential V2 is 3V, diode 71 is inserted so that 
no excessive current flows in the base of NPN bipolar 
transistor 51 when the potential of input terminal 58 
is about 3V or higher, while resistance 81 is provided 
to supply a base current for turning on NPN bipolar 
transistor 51 . Resistance 83 is inserted so that no ex- 
cessive current flows in the base of PNP bipolar tran- 
sistor 52, and resistance 82 is provided to help PNP 
bipolar transistor 52 switch from ON to OFF. 

Further, diode 72 Is Inserted to prevent a current 
flowing into second potential V2 at 3V via resistance 
85 when the potential of input terminal 58 is about 
2.5V or higher. Resistance 85 is inserted so that no 
excessive current flows in the base of PNP bipolar 
transistor 53. and resistance 84 is provided to help 
PNP bipolar transistor 53 switch from ON to OFF. Sim- 
ilarly, resistance 86 is provided to help NPN bipolar 
transistor 54 switch from ON to OFF. 

Incidentally, also in the termination circuit shown 
in Fig. 6, the current when NPN bipolar transistor 51 
and PNP bipolar transistor 53 are in an ON state may 
be selected to a small value, which therefore makes 
it possible to reduce the power required in the termi- 
nal circuit 



Claims 

1. A termination circuit (10) comprising: 

an output stage having an output node 
(18), connectable to the far end (23) of a trans- 
mission line (24), for terminating the far end of 
said transmission line with an impedance sut>- 
stantially equal to the characteristic impedance of 
said transmission line, said output stage having a 
first transistor (13) connected to a first potential 
and a second transistor (16) connected to a sec- 
ond potential; 

a first inverter (1) connected between the 
output node (18) and the control electrode of said 
first transistor (1 3) for driving said f iret transistor 
in response to the signal at the output node (1 8); 
and 

a second inverter (2) connected between 
the output node (18) and the control electrode of 



said second transistor (16) for driving said second 
transistor (16) in response to the signal at the out- 
put node (18), said second inverter (2) having in- 
put/output characteristics different from the in- 
5 put/output characteristics of saki first inverter (1 ). 

2. A termination circuit (10) as claimed In daim 1 
wherein said second potential is lower than said 
first potential, and said second Inverter (2) has in- 
fo put/output characteristics such that it outputs an 

output voltage which turns off said second tran- 
sistor (16) before said first inverter (1) turns on 
said first transistor (13) as the input voltage in- 
creases. 

IS 

3. A terminafa'on circuit (10) as claimed in any pre- 
ceding daim wherein said output stage has a re- 
sistance (5) connected between the junction of 
said first (13) and second (16) transistors and 

20 said output node (18), and the total impedance of 

said firet transistor (13) during conduction and 
said resistance (5) and the total impedance of 
said second transistor (16) during conduction and 
said resistance (5) are substantially equal to the 

25 characteristic impedance of said transmission 

line (24). 

4. A termination circuit (1 0) as daimed In claim 1 or 
claim 2 wherein said output stage has one resis- 

30 tance (3) connected between said first transistor 

(13) and said output node (18) and another resis- 
tance (4) connected between said second tran- 
sistor (16) and said output node (18), and the total 
impedance of said first transistor (1 3) during con- 

35 duction and said one resistance (3) and the tofal 

impedance of said second transistor (16) during 
conductbn and said another resistance (4) are 
substantially equal to the characteristic impe- 
dance of said transmission line (24). 

40 

5. A termination circuit (10) as daimed in any pre- 
ceding daim wherein said first (1) and second (2) 
inverters each consist of a P-channel MOS tran- 
sistor (11,14) and an N-channel MOS transistor 

45 (12,1 5) serially connected between said firet and 

second potentials, respectively. 

6. A termination circuit (1 0) as daimed in any one of 
claims 1 to 4 wherein said first inverter (1) con- 
so sists of a first resistance (82) connected to said 

first potential, a second resistance (83) connect- 
ed to said firet resistance (92), an NPN bipolar 
transistor (51) having its collector connected to 
said second resistance (83) and the emitter con- 
55 nected to a third potenb'al, a third resistance (81 ) 

connected between the base of said NPN bipolar 
transistor (51) and said firet potential and a firet 
diode (71) connected t>etween the t>ase of sakI 
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NPN bipolar transistor (51) and the far end (23) 
of said transnnission line (24); and 

said second inverter (2) consists of a 
fourth resistance (86) connected to said second 
potential, a PNP bipolar transistor (53) having its s 
emitter connected to said third potential and its 
collector connected to said fourth resistance 
(86), a fifth resistance (84) connected between 
the base of said PNP bipolar transistor (53) and 
said third potential, a sixth resistance (85) con- io 
nected to the base of said PNP bipolar transistor 
(53). and a second diode (72) connected be- 
tween said sbcth resistance (85) and the far end 
(23) of said transmission line (24). 

15 

7. A termination circuit (10) as claimed in claims 1 
to 4 wherein said first potential is a power supply 
voltage, said first transistor (13) is a P-channel 
MOS transistor, said second potential is a ground 
potential, and said second transistor (1 6) is an N- 20 
channel MOS transistor. 

8. A termination circuit (10) as claimed fn dalnns 1 
to 4 wherein said first potential is a power supply 
voltage, said first transistor (1 3) is a PNP bipolar 25 
transistor, said second potential is a ground po- 
tential, and said second transistor (16) is an NPN 
bipolar transistor. 
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@ Line termination circuit 



Disclosed is a termination circuit having a 
wide range of stable operation and a low power 
consumption. Conventionally, cunnent flows in a 
termination when the signal in the transmission 
is not changing, which is wasteful of power. 
Attempts have been made to solve this by using 
circuits where no current flows through the 
termination when the signal In the transmission 
line does not change. However because of the 
characteristics of the circuits used, instability 
occurs during the transition from one state to 
the other state. The temiination disclosed over- 
comes this by having complementary Inverters 
having differing input/output characteristics. 
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